Introduction
In the past ten years, as the demand for renewable energy becomes more and more urgent, polymer solar cells (PSCs) have been considered as next generation photovoltaic devices to solve energy crisis due to its many advantages, such as flexibility, light weight, environmental friendly, and easy large-area applications [1] . Many strategies have been introduced on improving the power conversion efficiency (PCE) and stability of PSCs, such as the development of novel donor and acceptor materials [2] , the novel processing approaches to induce optimal microstructures in the active layer [3] , and the optimization of interfacial buffer layer for efficient charge carriers collection [4] . The PCE of PSCs has been improved to more than 6% with a narrow band gap polymer poly [(4,8- -diyl] (PBDTTT-C). The key requirement for efficient operation of all-organic electronic devices is the process of the charge carriers injection and collection between active layer and electrodes. Therefore, the optimization of interfacial buffer layer is required to form ohmic contact for better charge carriers collection, resulting in increased short-circuit current density ( sc ) and fill factor (FF) of PSCs.
It is known that anode buffer layer plays an important role in determining the performance of organic light emitting diodes (OLEDs) and the PSCs. The operation mechanism of anode buffer layer is more complex in real PSCs. The main mechanism can be summarized as follows: (i) to adjust the effective work function of the electrode [5] , (ii) to realize a vacuum level offset between the active layer and the electrode by forming a dipole layer [6] , (iii) to increase built-in electric field by forming a tunneling junction [7] , and (iv) to protect organic active layer from the hot electrode atoms during thermal deposition [8] . Helander et al. reported that the alkali halide (typically LiF in combination with an Al cathode) inserted between electrodes and the active layer can form a dipolar salt layer, then reducing the electron-injection barriers or extraction losses in the PSCs [9, 10] . As we know, poly (3,4- [11] . In order to solve this problem, the metal oxides of zinc oxide (ZnO) [12] , nickel oxide (NiO) [13] , molybdenum oxide (MoO 3 ) [14, 15] , and tungsten oxide (WO 3 ) [16] have been demonstrated as an effective replacement of PEDOT:PSS to improve the stability of PSCs. However, it is difficult to control the work function of the metal oxides for desired applications [17] . Recently, Chen et al. reported that solution-processed MoO 3 doped into PEDOT:PSS extends the interfacial contact area between the active layer and PEDOT:PSS layer, which facilitates hole collection at the anode; the performance and stability of the PSCs were improved [18] . In this paper, we reported the effects of PEDOT:PSS/LiF as anode buffer layer on the performance of PSCs. 
Experimental Section
The indium tin oxide (ITO) glass substrates with sheet resistance 15 Ω/◻ were cleaned continuously in ultrasonic baths containing acetone, detergent, deionized water, and ethanol. Then the cleaned ITO substrates were blow-dried by high pure nitrogen gas and then treated by UV-ozone for 10 minutes to increase the work function of ITO. The solution of PEDOT:PSS (Clevios PVP Al 4083, purchased from H.C. Starck co. Ltd.) was spin-coated onto the cleaned ITO substrates under 5000 rounds per minute (RPM) for 40 s to fabricate the interfacial layers. Then PEDOT:PSS coated ITO glass substrates were annealed in air at 120 ∘ C. After drying for 10 minutes, the substrates were transferred to a nitrogenfilled glove box. The polymer material PBDTTT-C (Product number: SMI-P9001, purchased from Solarmer Energy, Inc.) and [6, 6] phenyl-C 71 -butyric acid methyl ester (PC 71 BM) (Product number: LT-S923, purchased from Luminescence Technology Corp) with a weight ratio of 1 : 1.5 were dissolved in 1,2-dichlorobenzene at a concentration of 25 mg/mL. The blend solution was stirred by a magnetic stirrer at 27 ∘ C for 24 hours; then the active layers were fabricated by spin-coating method at rate of 1400 RPM in a high purity nitrogen filled glove box. The 1 nm LiF interfacial layer and about 100 nm cathode layer Al were deposited by thermal evaporation under 10 −4 Pa vacuum conditions, and the thickness was monitored by a quartz crystal microbalance. The active area of about 3. The absorption spectra of films were measured with a Shimadzu UV-3101 PC spectrophotometer. The current densityvoltage ( -) characteristics of the PSCs were measured using a Keithley 4200 source measurement unit and an ABET Sun 2000 solar simulator at room temperature in air. The external quantum efficiency (EQE) spectra were measured by a Zolix Solar Cell Scan 100. The schematic architecture of the PSCs, the molecular structures of PBDTTT-C and PC 71 BM, and the energy level structure are shown in Figure 1. 
Results and Discussion
The normalized absorption spectra of pure PBDTTT-C and PC 71 BM films and their blend films (1 : 1.5) were measured and are shown in Figure 2 . It is apparent thatpure PBDTTT-C films show a relatively strong absorption in the range from 600 nm to 750 nm and a relative weak absorption in the shorter wavelength range from 350 nm to 600 nm. The main absorption peak of PBDTTT-C locates at 700 nm. The highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) levels of PBDTTT-C are 5.12 eV and 3.35 eV, with the band gap of about 1.77 eV according to the absorption peak at about 700 nm [19] . There are two apparent absorption peaks at 375 nm and 480 nm for pure PC 71 BM films, which could broaden light absorption range of the blend films. Therefore, the normalized absorption spectrum of blend films shows two distinct absorption peaks at 460 nm and 700 nm, resulting from their absorption spectral overlap. Based on the PBDTTT-C:PC 71 BM as the active layers, a series of PSCs with various anode buffer layers were fabricated and measured under the same conditions.
The current density-voltage ( -) characteristic curves of PSCs were measured under dark conditions and are shown in Figure 3 of the electron donor and the LUMO of electron acceptor and (ii) the work function difference between anode and cathode electrode [20] . It could be assumed that the improved oc of Cells D was due to the changes of anode work function since the active layer fabrication condition and the cathode layer deposition remain constant. The work function of PEDOT:PSS (5.1 eV) is 0.4 eV higher than that of ITO (4.7 eV). The PEDOT:PSS layer can effectively tune the work function of ITO substrates for Cells C and D. According to the oc of Cells C and D, the thin LiF layer may have no obvious effect on the work function of ITO substrates. It is worthwhile to mention that the sc of Cells D is 13.70 mA/cm 2 , which is a 14.4% increase compared with that of Cells C. The increase of sc could be attributed to the enhancement of holes extraction efficiency by the ultrathin anode buffer layer. It is known that PEDOT:PSS is conductive polymer with high ductility, which could be considered as a kind of metal. The metal-insulator-semiconductor (MIS) model could be formed, which is based on PEDOT:PSS/LiF/organic active layer, because LiF and organic active layer materials are commonly considered as insulator and semiconductor, respectively. As reported by Xi et al. when the generated holes in the active layer come to the interface of LiF/organic active layer, a large number of them will pass through the ultrathin LiF layer by the tunneling [21] . The FF of Cells D is increased about 10.3% compared with that of Cells C. This may be due to the improved interfacial contact between the active layer and PEDOT:PSS layer due to the insertion of a thin LiF layer. Kim and Chang reported that a thin LiF layer evaporated onto PEDOT:PSS layer could reduce film roughness, which shows smooth surface morphology of the anode buffer layer [22] . It is known that the shunt resistance ( sh ) and series resistance ( ) are two important parameters in the PSCs. In contrast to Cells C, the sh of Cells D was increased about 19% and the was decreased about 44% due to the insertion of a thin LiF layer. The sh is generally associated with leakage current which is determined by the film quality and its interfaces. Small sh results from the loss of charge carriers through leakage paths including pinholes in the films and the recombination and trapping of the carriers during their transit through the active layer [23] . The is mainly related to the contact resistance between the active layer and anode electrode. The decrease of of Cells D should be attributed to the formation of a better ohmic contact due to the insertion of a thin LiF layer.
In order to further clarify the effect of the LiF interlayer on performance of the PSCs, the external quantum efficiency (EQE) spectra of Cells C and D are investigated and shown in Figure 4 . It is observed that there is an increase in the EQE at wavelengths between 360 nm and 720 nm for Cells D in comparison to Cells C. The EQE of Cells D with a thin LiF layer is increased up to 60%, which exhibits efficient photon-to-electron conversion. The EQE spectra of PSCs also demonstrate that PEDOT:PSS/LiF as anode buffer layer could play positive effect on charge carrier collection. The adopting appropriate interfacial layers may provide an effective method to improve the performance of PSCs.
Conclusions
In summary, a series of PSCs based on PBDTTT-C and PC 71 BM as active layer were fabricated to investigate the anode buffer layers on the performance of PSCs. The performance of PSCs with PEDOT:PSS/LiF as anode buffer layer was improved compared with the cells fabricated on bare ITO substrates, LiF/ITO substrates, and PEDOT:PSS/ITO substrates. Cells D maintain a maximum sc and FF, yielding a highest PCE of 4.91%, which has a 26.2% improvement compared to the cells with PEDOT:PSS buffer layer. The improvement performance of PSCs can primarily be attributed to the efficient holes collection induced by the interfacial layer. The PEDOT:PSS/LiF anode buffer layer has positive effect on PSCs based on P3HT:PCBM system. These findings indicate that the optimization of anode buffer layer is an effective method for the improvement of PSCs.
